A high-resolution palynological analysis of the St. Stephens Quarry, Alabama:  locating the Eocene-Oligocene boundary and characterizing the environmental changes across the margin by Jensen, Kevin
Louisiana State University
LSU Digital Commons
LSU Master's Theses Graduate School
2012
A high-resolution palynological analysis of the St.
Stephens Quarry, Alabama: locating the Eocene-
Oligocene boundary and characterizing the
environmental changes across the margin
Kevin Jensen
Louisiana State University and Agricultural and Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_theses
Part of the Earth Sciences Commons
This Thesis is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in LSU
Master's Theses by an authorized graduate school editor of LSU Digital Commons. For more information, please contact gradetd@lsu.edu.
Recommended Citation
Jensen, Kevin, "A high-resolution palynological analysis of the St. Stephens Quarry, Alabama: locating the Eocene-Oligocene boundary
and characterizing the environmental changes across the margin" (2012). LSU Master's Theses. 3330.
https://digitalcommons.lsu.edu/gradschool_theses/3330
A HIGH-RESOLUTION PALYNOLOGICAL ANALYSIS OF THE ST. STEPHENS 
QUARRY, ALABAMA: LOCATING THE EOCENE-OLIGOCENE BOUNDARY AND 
CHARACTERIZING THE ENVIRONMENTAL CHANGES ACROSS THE MARGIN
A Thesis
Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
In fulfillment of the
Requirements for the degree of
Master of Science
in
The Department of Geology and Geophysics
By
Kevin Jensen
B.S., Central Michigan University, 2009
May, 2012
Acknowledgements
 I would like to thank Dr. Warny for her persistence and hard work that she committed to 
having me as a student.  I would also like to thank the rest of my committee, Dr. Ellwood and Dr. 
Schiebout, for their excellent feedback and direction on this project.  Additionally, I would like 
to thank Dr. Rebecca Tedford and Sandra Garzon for their help in specimen identification and 
guidance throughout my research.  Lastly, I would like to thank Rachel Jensen, my wife.  She has 







     1) Paleoclimatic Significance: Climate Change at the E-O 
     Boundary.....................................................................................................................................2
     2) Oil Exploration Significance: Applicability and Importance 
     to the Industry..............................................................................................................................6 
     3) Status of the Boundary Placement at St. Stephens Quarry.....................................................6
Material and Methods...................................................................................................................12
Results...........................................................................................................................................15
     1) Palynological Zonation.........................................................................................................15 
     2) Trends in Palynomorph Groups.............................................................................................21
Discussion.....................................................................................................................................28
     1) Environmental Interpretation................................................................................................28




Appendix 1 Marine Palynomorph Raw Counts.........................................................................38
Appendix 2 Terrestrial Palynomorph Raw Counts...................................................................42
Appendix 3 Marine Palynomorph Relative Abundace.............................................................45




The Eocene-Oligocene (E-O) transition is a key interval in geological history because it 
marks a major change in Earth’s climate and because these strata are also popular oil targets in 
the Gulf Coast.
E-O sequences in Alabama are stratigraphically complex.  The St. Stephens Quarry (SSQ) 
in Alabama is one of the few accessible quarries along the Gulf Coast where the E-O boundary 
is visible in outcrop.  Despite the abundance of research projects conducted in the SSQ, many 
controversies still surround the E-O boundary placement and correlation to the Global Stratotype 
in the Massignano section in Italy that is based on the extinction of the Hantkeninidae family.  
The lack of Hantkenina sp. (Miller et. al., 2008) in a core from near the SSQ and the stratigraphy 
there contribute to the controversy in boundary placement.
To supplement the rarity of foraminifera biomarkers in the section, I present the results 
of a high-resolution palynological study of the St. Stephens Quarry in Alabama, to help better 
constrain the boundary placement and associated environmental changes.  The new data provide 
1) an alternate biostratigraphic zonation and locate the E-O boundary based on organic-walled 
microfossils to increase biostratigraphic control in the Gulf Coast region, 2) a way to supplement 
and assist biosteering when foraminifera are not present, and 3) new environmental data 
(sea-surface conditions and climate) across the boundary.  By comparing SSQs palynomorph 
assemblages to worldwide stratigraphic charts we have established that the E-O boundary occurs 




 The E-O boundary is of great interest for several reasons.  First, for its interest regarding 
past climatic changes, as this boundary marks a major change in Earth’s climate, i.e. the 
greenhouse (Eocene) to icehouse (Oligocene) transition (Miller et al., 2008), which is recorded in 
deep-sea sequence oxygen isotope records (Zachos et al., 2001) and in various coastal sequences 
around the world.  Second, this time interval is an important petroleum target, in particular in 
the Gulf of Mexico, hence, a lot of research has been conducted to build a solid biostratigraphic 
framework to assist biosteering in the Gulf.  Most of the biostratigraphic studies (Waters and 
Mancini, 1982; Miller et al., 2008) have focused on inorganic microfossils such as foraminifera.  
Here, I present the results of a new palynological study conducted on the St. Stephens Quarry 
(Figure 1) are presented here, providing a better understanding of the boundary, both in terms of 
the biostratigraphic and environmental changes it bounds.  
Figure 1. Location map of the St. Stephens Quarry, Alabama (Map from Google earth, 2012)
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Background Information
1) Paleoclimatic Significance: Climatic Change at the E-O Boundary:
 Several theories exist as to why a dynamic environmental shift happened at the E-O 
boundary.  One of several highly regarded hypotheses is described as follows. 
(1) Such a dramatic climatic shift in the global environment may have been the result 
of the Icelandic mantle plume suppression (Abelson et al., 2008) (Figure 2).  This event led 
to a subsidence in the northern Atlantic Ocean, which lowered the Greenland-Scotland Ridge 
(GSR).  The lowering of the GSR released ‘dammed’ northern waters into lower oceans, causing 
oceanic cooling and initiation of the thermohaline current in the Atlantic Ocean (Abelson et al., 
2008).  The new current and invigorated global circulation lead to increased upwelling and biotic 
productivity.  An increase in biotic productivity and increased burial rate rapidly removed CO2 
from the atmosphere, decreasing overall temperatures around the globe and causing Earth to 
transition to an icehouse (Zachos and Kump, 2005).  
Figure 2. Graphic describing the Icelandic mantle plume suppression model (Abelson et al., 
2008).
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The resulting Oligocene cooling is visible in sites around the world.  In the Gulf of Mexico, it 
is visible in many proxies such as d18O records from benthic foraminifera (Miller et al., 2008) 
where a 0.9‰ drop in oxygen isotopic value (known as the Oi1 event) and has been measured 
where the widespread transgressive and highstand systems tracts (Pasley and Hazel, 1995) have 
been mapped.  
 (2) A major climate shift has been proposed by Jicha et al. (2009) in which volcanic 
activity is cited as the main cause of global cooling (Figure 3).  They used Ar-K dating to 
identify Pacific Rim ‘flare-ups’ that occurred about a million years before, and during the E-O 
Figure 3. Graphic showing oxygen isotopes alongside histogram and probability density curve 
(Jichta et al., 2009).
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climatic transition.  These authors theorize that SO2 released from the flare-ups reacted with OH 
in the atmosphere in such high quantities that much of the visible light from the sun was reflected 
back out of the atmosphere, resulting in global cooling.  
 (3) Kennett (1977) proposed the major change that started at the E-O boundary was 
linked to, and probably caused by, the development and expansion of the Circum Antarctic 
Current causing increased thermal isolation of the Antarctic continent, which continues today 
(Figure 4). This involves more than the initial opening of gateways, a major factor but also the 
continued expansion of the seaways around Antarctica, and thus the reorganization of currents 
worldwide. 
New palynological studies in Antarctica of five time intervals from the Eocene to the Recent 
(Anderson et al., 2011; Warny and Askin, 2011) show that there were not any significant 
reversals in progression of climatic cooling past the E-O boundary, which tend to indicate that 
the opening of the ocean gateways had a dominating control over the greenhouse to icehouse 
transition.   If this event is indeed a key element in the major climatic changes that occurred 
at the E-O boundary, then the SSQ record might have captured the timing and influence of the 
Figure 4. Graphic representing the ocean gateways opening model 
(Kennet, 1977).
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initial opening events, such as of the Tasmanian Gateway, close to the E-O boundary. 
 (4) Finally, environmental modeling done by DeConto and Pollard (2003) proposed an 
alternate model that combines some of the aforementioned theories.  They argue that the rapid 
change in climate at the E-O boundary is linked primarily to a severe decrease in atmospheric 
CO2.  DeConto and Pollard’s model, relying on an established thermohaline circulation current 
and the thermal isolation of Antarctica, shows a rapid worldwide climate shift and glaciation 
of the South Pole.  While the thermal isolation of Antarctica is important, DeConto and Pollard 
(2003) stipulate that even with a closed Drake Passage, Antarctic ice sheets could still be 
achieved by continuing to lower CO2 levels (Figure 5).  In this fashion, their model suggests and 
highlights the critical importance of 
CO2 in environmental change. 
A new organic geochemistry 
evaluation of this model which has 
been recently proposed by Pagani et 
al. (2011) and supports the work of 
DeConto and Pollard.  Using phosphate 
as a proxy from algae, Pagani et al. 
(2011) were able to reconstruct pCO-
2 records that correlate with cooling 
trends over the E-O boundary.  They 
too support that CO2 was likely the 
most important proponent in climate 
change.  
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Figure 5. Graphic representing the decrease
 in atmospheric CO2 model (DeConto and Pollard, 2003).
fund mental role in Palaeogene cooling and Antarctic gl ciation.
Most estimates of early Cenozoic CO2 mixing ratios range between
2 and 5 times present values, falling through the Cenozoic until
reaching near-modern values sometime in the Neogene19,20. The
cooling due to declining pCO2 would have gradually lowered annual
snowline elevations until they intersected extensive regions of high
Antarctic topography. Once some threshold was reached, feedbacks
rel ted to snow/ice-albedo and ice-sheet height/mass-balance21–23
could have initiated rapid ice-sheet growth during orbital periods
favourable for the accumulation of glacial ice.
To test the relative importance of changing atmospheric CO2,
orbital parameters and ocean heat transport in the nucleation and
subsequent fluctuations of the early EAIS, we have developed a
coupled global climate model (GCM) and dynamic ice-sheet model
designed for experiments over long timescales. Previous dynamic
ice-sheet models of ancient Antarctic ice sheets have used empirical
parameterizations based onmodern climates for their surface ma s-
balance forcing24. Instead, we use the GENESIS (version 2.1) GCM25
with a 50-m slab ocean (see Methods) responding to evolving
Palaeogene boundary conditions to provide the meteorological
input for our dynamic ice-sheet model experiments. A three-
dimensional ice-sheet model of ice dynamics and bedrock response
is asynchronously coupled to the GCM, allowing feedbacks between
the ice sheet and atmospheric model components, and accounting
for cyclical orbital forcing on 104-yr timescales.
Boundary conditions for our Eocene/Oligocene climate/ice-sheet
simulations are based on a global 34Myr palaeogeography, includ-
ing reconstructions of shorelines, rebounded ice-free topography
(Fig. 1) and vegetation. To simulate the growth of Antarctic ice
around the Eocene/Oligocene boundary, the GCM–ice-sheet model
would ideally be run together through millions of years. However,
the computational expense of the GCM makes that infeasible, so
we have developed a new two-step scheme (see Methods) account-
ing for both orbital forcing and a decline in CO2, from 4 £ to 2 £
P L (p eindustrial atmospheric leve , taken as 280 parts per
million by volume (p.p.m.v.)) over a 10-Myr period.
Figure 2 The transient climate-cryosphere response to a prescribed decline in CO2 from
4 £ to 2 £ preindustrial atmospheric level over a 10-Myr period. Ice volume, and
equivalent changes in sea level (D sea level) and the mean isotopic composition of the
ocean (Dd18O) are shown for two pairs of simulations: a, red curve, nominal case,
representing an open Drake Passage; a, blue curve, with the global climate model ocean
heat transport coefficient increased in the Southern Hemisphere to represent a closed
Drake Passage; b, red curve, with deformable sediment added to the ice model and no
generation of new till; b, blue curve, with the same sediment model but including
subglacial generation of new till where basal ice is in contact with clean bedrock.
Equivalent sea level changes were calculated according to the global ocean-area fraction
in our 34-Myr palaeogeography (0.731). Dd18O was calculated assuming a 0.0091
change in d18O per 1-m change of sea level. c, High-resolution foraminiferal stable
isotope data1 from Ocean Drilling Program (ODP) sites 522 and 744 are shown for
comparison with our simulated glacial transitions in a and b. The magnitude of the
observed Eocene/Oligocene oxygen isotopic excursion is larger than modelled, probably
because of the influence of deep-ocean cooling on d18O, our assumed constant of
proportionality with sea level being too low, and/or the model’s lack of significant West
Antarctic ice and its buttressing effect on the EAIS. d, proxy estimates of p CO2 based on a
boron isotope/pH approach19 and an alkenone isotope approach20 reprinted from ref. 2
with the permission of the American Association for the Advancement of Science for
comparison with the critical range of CO2 values (thick red line) seen in a
(1 £ CO2 ¼ 280 p.p.m.v.).
letters to nature
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2) Oil Exploration Significance: Applicability and Importance to Industry
Because of a combination of excellent source rocks with an abundance of traps make this 
time interval in the Gulf of Mexico region one of the target sources of choice for the oil industry.  
Transgressive sands and highstand systems tracts are seen throughout the Gulf of Mexico, 
particularly at the E-O boundary,  and these excellent stratigraphic traps (e.g. the Cockfield 
Formation) that can hold massive amounts of oil (Malkin and Jung, 1941).  Hood et al. (2002) 
described the Gulf of Mexico Eocene-aged rocks as the youngest effective source interval of 
high maturity identified in the northern Gulf basin.  
Most of the biostratigraphic zonation built for the Gulf of Mexico is based on inorganic 
biomarkers (Figure 6).  For various reasons, these inorganic microfossils are very poorly 
preserved both on land and in deep-sea sections of the Gulf of Mexico.  The alternate dinocyst 
biostratigraphy currently used was established for northwest Europe.  Key markers include 
the FADs of Areoligera? Semicirculata, Chiropteridium galea and Gerdiocysta conopeum and 
the LADs of Rhombodinium perforatum, Aerosphaeridium diktyoplokus, Wetzeliella simplex, 
Operculodinium divergens and Heteraulacacysta porosa (Williams et al. 1998).  Here, these 
biomarkers are reviewed as to whether or not these can be applied to the Gulf of Mexico.  The 
organic biostratigraphic zonation proposed here should provide an alternate means of dating the 
sequence where inorganic biostratigraphy is not an option.
3) Status of the Boundary Placement at St. Stephen Quarry:
The St. Stephens Quarry in Alabama is one of the few accessible quarry localities along 
the Gulf Coast where the E-O boundary is visible in outcrop.  E-O sequences in Mississippi, 
Alabama and Florida are stratigraphically complex (e.g., Waters & Mancini, 1982).  Deposits in 
this region are composed of clastic sediments as seen in western Mississippi intergrading with 
carbonates as seen in Florida and Georgia.
The section studied here, at SSQ is reasonably well defined (Figure 7).  Lithologic units 











































































































































































































































































































































































































































































































































































































































































































































































































































Member and the newly defined St. Stephens 
Member (Ellwood, personal communication, 
2012).  Overlying the Jackson Group at the St. 
Stephens Quarry is the Oligocene Vicksburg 
Group.    
Despite the many research projects 
conducted on the SSQ outcrop, many 
difficulties arise when attempting to place the 
E-O boundary (Figure 8).  
             As established by a vote of the 
International Commission on Stratigraphy 
(ICS) in 1992, the extinction of the 
Hantkeninidae family defines the E-O 
boundary in the Massignano section in 
Italy (Silva and Jenkins, 1993).  The lack of 
Hantkeninidae, missed in the study by Miller 
et al. (2008) in a core taken near the SSQ, the 
complex stratigraphy and the poor exposures in 
the region all contribute to the controversy in 
boundary placement.  
The first school of thought on where 
to (Baum and Vail, 1988; Loutit et al., 1988) 
place the E-O boundary is much higher (in the 
upper St. Stephens Member) than more recent 
studies.  These authors argue that a sequence 
boundary is associated with a maximum 
flooding surface located between the Red Bluff 
8 9
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Figure 7: lithological description of St. Stephens 
Quarry.  Figure modified from Ellwood et al., 
2010
high stand and the Mint Springs Transgressive stand tracts (Figure 8).   
Further research into SSQ (e.g., Jaramillo and Oboh, 1999; Pasley and Hazel, 1995, 
Waters and Mancini, 1982) proposed lowering the E-O boundary to the base of the St. Stephens 
Member.  The revised stratigraphy by Pasley and Hazel (1995) uses a shell hash at the base of 
what they call the Red Bluff Clay/Bumpnose Limestone as their E-O boundary.  Pasley and 
Hazel (1995) argued that this shell hash, which contains very little terrestrial organic matter, is 
a marker showing the furthest transgressive state of the latest Eocene, and that the overlying 
Figure 8: Summary of boundary placement at SSQ (Figure adapted from Pasley and 
Hazel, 1995).
8 9
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interbedded limestone/marl succession contains more organic matter, interpreted herein as a 
lowering of sea level, occurring in the early Oligocene.  
Others (e.g., Waters and Mancini, 1982) placed the E-O boundary using planktonic 
foraminifera.  Waters and Mancini (1982) argued that benthic foraminifera used in some previous 
studies (Deboo, 1965) of SSQ, are not as reliable for global correlation as planktonic.  Using the 
Cenozoic Planktonic Foraminiferal Zonation proposed by Bolli (1957; 1966), and modified by 
Stainforth and Lamb (1981), Waters and Mancini concluded that the E-O boundary should be 
placed at the base of the St. Stephens Member of the Yazoo Formation.  
 Further evidence supporting placement of the E-O boundary comes from Jaramillo and 
Oboh (1999).  Using palynological techniques and sequence stratrigraphy, the authors argue that 
the Shubuta clay-St. Stephens contact is the maximum flooding surface in the latest Eocene.  
They also base their conclusion on the increased abundance of Deflandrea sp., indicating a high 
nutrient environment.  High nutrient environments may come from upwelling or deep mixing, 
making the connection between maximum flooding surface and increased Deflandrea sp. 
possible.   
 The E-O boundary at SSQ has been proposed by Miller et al. (2008).  They placed the 
boundary even lower than the previous authors.  Using several different techniques, including 
lithostratigraphy, magnetostratigraphy, biostratigraphy, stable isotopes, benthic foraminifera 
and sequence stratigraphy, the authors placed the Eocene-Oligocene boundary in the lower one-
third of the Shubuta Marl.  Miller et al.’s primary argument comes from the 18O curve from the 
Shubuta marl at SSQ.  Compared to the global curve, both sequences share the Oi1 event (a 
~0.9% drop in SSQ), which is the key isotopic event that marks the first global cooling event of 
the Oligocene.  Right before this event is the maximum flooding surface of the latest Eocene.  
Miller et al. use benthic foraminifera genus Uvigerina to support their conclusion.  Uvigerina is 
frequently associated with maximum flooding surfaces (Loutit et. al., 1988) and depths of over 
100 m.  An abundance of Uvigerina was found one-third of the way up the Shubuta Marl, right 
before the Oi1 event.  
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The latest placement of the E-O boundary is represented in work by a group led by 
researchers at LSU (Febo et al., 2010; Ellwood et al., 2010).  A comprehensive study was done 
combining biostratigraphic, geochemical and magnetic susceptibility methods.  They were able 
to identify the E-O sequence boundary based on the last occurrence of Hantkenindae, located 
within the gradational transition ~0.3m above the Shubuta Clay (Figure 7).  
As with all previous studies, many of the data conflict, and controversy about boundary 
placement.  This study’s main goal is to provide palynological data at a higher sampling-
resolution that will allow us to re-evaluate the previous studies.  
10 11
Material and Methods
               This research project builds on the results proposed by Jaramillo 
and Oboh (1999), Miller et al. (2008), Febo et al. (2010), and Ellwood et al. (2010), by 
conducting a high-resolution palynological analysis of the SSQ sequence at a high resolution 
sampling interval (Figure 7).  This is necessary as the geology of the region is complex, with 
beds of clastics and carbonates interfingering to form a complex stratigraphic network of clay, 
marl and limestone beds. 
Jaramillo and Oboh (1999) analyzed 13 samples from the SSQ with a sampling interval 
ranging from 0.2 to 1m spacing.  For this new study, thirty eight samples were collected by 
Brooks Ellwood and Lawrence Febo from a cleaned, prepared outcrop at 5cm intervals across the 
upper Pachuta and entire Shubuta Clay Members of the Yazoo Formation (Figure 10).  
Sub-samples weighing between 7-30 grams were sent to Palynology Laboratory Services 
Ltd. and prepared as follows: after crushing, samples underwent acid baths of hydrochloric and 
hydrofluoric acids, respectively, followed by heavy liquid flotation and filtering through a 6 to 
12
Figure 9: Detailed location map of SSQ, 33•33’ N, 88•2’ W (satelite photos from Google Earth, 
2011; Outcrop picture taken by Kevin Jensen).
250 micron sieve.  Samples were spiked with Lycopodium to allow computation of concentration. 
Palynomorphs were analyzed using a 60x oil immersion objective on an Olympus 
Bx51 microscope and photographically catalogued with an Olympus DP71 camera.  Light 
photomicrographs of key environmentally- or stratigraphically-significant specimens were 
captured using DPController and mounted into plates using InDesign (Plates 1-4).  
A minimum of 300 dinoflagellate cysts and 300 pollen and spores were tabulated for 
each slide unless the samples were poor in palynomorphs, in which case, the full residue was 
tabulated.  Tabulated species (Appendix A – marine, B – terrestrial) and their relative abundance 
(Appendix C – marine, D – terrestrial) are presented in Excel tables by depth down-section.
The study of Miller et al. (2008) provides important background information that 
pertains to this study and provides isotopic chronology.  Based on their work, the chronology 
of SSQ from the disconformity in the Pachuta Formation to the Shubuta Clay-St. Stephens 
contact covers approximately 280,000 years.  It is thus estimated (assuming a constant rate of 
deposition), that we have on average one sample every 7,368 years.  Their benthic foraminifera 
data provides a guideline to which we tie our water depth interpretations.  Benthic foraminifera 
data show a gradual shallowing up-section.  The upper Pachuta is interpreted as having a ~120 m 





Figure 10: Sampled Outcrop at SSQ showing the Shubuta Clay and the St. Stephens Member
Additional biostratigraphic controls have also been tested. For instance, Van Mourik & 
Brinkhuis (2005) suggested using the dinoflagellate cyst Areosphaeridium diktyoplokus as a 
palynological replacement for Hantkeninidae to define the E-O boundary.  This study aims to 
confirm the validity of this palynomorph as an E-O boundary marker in the SSQ.  However, 
previous studies of Gulf Coast sections (e.g. Jarmillo and Oboh, 1999) do not see occurrences 
of Areosphaeridium diktyoplokus.  As a result, this study will recommend an alternate organic 
microfossil, if found.
14 15
Table 1: Dinoflagellate and pollen concentrations (palynomorphs/gram of sediment) per sample













27-2 4.65 459 311 15.0 347 18583 1638.7 1110.3 TRUE
25-2 4.55 432 287 17.8 358 37166 2516.7 1672.0 TRUE
23-2 4.45 551 290 15.6 205 37166 6415.9 3376.8 TRUE
21-2 4.35 357 319 12.4 282 37166 3794.4 3390.5 TRUE
19-2 4.25 573 125 13.0 720 18583 1137.6 248.2 TRUE
15-2 4.05 431 299 18.2 156 37166 5632.6 3907.6 TRUE
13-2 3.95 490 285 19.0 469 18583 1021.8 594.3 TRUE
7-2 3.65 300 307 14.0 265 18583 1502.7 1537.7 FALSE
6-2 3.6 879 260 14.9 571 37166 3837.3 1135.0 TRUE
73 3.168 302 289 18.3 181 37166 3386.8 3241.0 TRUE
70 3.036 497 315 18.6 224 37166 4445.4 2817.5 TRUE
69 2.992 472 309 16.4 200 37166 5341.8 3497.0 TRUE
66 2.86 410 258 16.5 221 37166 4191.5 2637.6 TRUE
65 2.816 574 241 15.0 261 18583 2724.6 1143.9 TRUE
62 2.684 353 306 14.1 275 37166 3395.6 2943.5 TRUE
61 2.64 342 211 7.0 576 18583 1576.2 972.5 TRUE
60 2.596 319 318 17.3 159 37166 4322.7 4309.1 TRUE
58 2.508 364 299 17.2 166 37166 4752.0 3903.4 TRUE
57 2.464 334 233 7.0 479 18583 1851.1 1291.3 TRUE
56 2.42 523 300 9.3 507 37166 4113.6 2359.6 TRUE
55 2.376 411 310 20.6 131 37166 5649.5 4261.1 TRUE
54 2.332 377 296 17.1 131 37166 6254.9 4911.0 TRUE
53 2.288 387 203 17.0 308 18583 1373.5 720.5 TRUE
52 2.244 343 302 14.9 195 37166 4375.8 3852.7 TRUE
50 2.156 217 260 17.0 204 18583 1162.8 1393.2 FALSE
49 2.112 308 305 20.7 76 37166 7265.8 7195.0 TRUE
48 2.068 266 265 30.0 228 37166 1445.3 1439.9 TRUE
45 1.936 445 325 15.0 262 37166 4208.4 3073.5 TRUE
42 1.804 507 305 15.5 174 37166 6986.7 4203.1 TRUE
39 1.672 1245 181 23.0 194 37166 10370.2 1507.6 TRUE
38 1.628 1120 232 23.0 263 18583 3440.7 712.7 TRUE
36 1.54 1011 272 28.0 237 37166 5662.3 1523.4 TRUE
23 0.968 288 419 28.0 566 37166 675.4 982.6 FALSE
22 0.924 366 287 21.1 903 37166 714.3 560.1 TRUE
20 0.836 318 286 15.8 804 37166 933.3 839.4 TRUE
16 0.66 320 285 28.0 1353 37166 313.9 279.6 TRUE
11 0.44 302 186 19.7 1757 37166 324.6 199.9 TRUE
Results
 1) Palynological Zonation:
The Pachuta, Shubuta Clay and St. Stephens Members within the SSQ preserve a 
total of 32 identified and 13 unidentified dinoflagellate taxa.  Also present are 21 identified 
and 4 unidentified genera of pollen and spores.  These collectively form the basis of the 
palynological zonation, which has been broken up into 4 distinct assemblages (Figures 12 
and 13), characterized as zones 1-4, described below.  The zones were determined using a 
constrained, paired group, Euclidean cluster analysis on the palynomorphs in the section (Figure 
11). Concentrations in palynomorphs are presented in Table 1.  In this study, a taxon may remain 
unidentified for one of several reasons. 1) The palynomorph(s) were preserved as such as they 
could not be identified (e.g. missing processes or obstructed archaeophyle).  2) They could not be 











































Figure 11: Cluster analysis of palynomorphs in the SSQ section shown against four distinct 
zones.
Zone 1 (0.0 – 0.92m): Dinoflagellate abundances ranged from 314 to 933 grains per gram of 
dried sediments Zone 1. Pollen abundances ranged from 199 to 839 grains per gram of dried 
sediment. Throughout Zone 1, the abundance in marine palynomorphs is greater than that of 
terrestrial palynomorphs.
Spiniferites spp. dominates the marine assemblage in Zone 1 with 34% of total 
dinoflagellate relative abundance, along with Homotryblium floripes that makes up to 22% of 
the marine palynomorph assemblage.  They are associated with Cordosphaeridium minimum 
and Systematophora placacantha, which are present between 5-10% of relative abundance. A 
minor component (1-5%) includes Hystrichokolpoma sp. A, Lingulodinium machaerophorum, 
Operculodinium centrocarpum and Unidentified dinoflagellate 11.  Rare occurrence (1% 
or below) of Charlesdowniea clathrata, Polysphaeridium sp. A, Achomosphaera sp. A, 
Glaphrocysta sp. A, Glaphrocysta sp. B, Unidentified dinoflagellate 7 and Unidentified 
dinoflagellate 10 are noted.  
Pollen taxa within Zone 1 include 20% to 15% of  Cupressacites hiatipites, Poaceae 
(grasses) and Tricolporopollenites spp.  Each of the following taxa, Mompites sp. A and bisaccate 
pollen, comprise between 10% and 5%.  A minor component of the terrestrial assemblages 
(1 to 5%) is Cicatricsisporites sp. A, Liliacidites yeguaensis, and Unidentified pollen 1.   
Retribrevitricolpites sp. A, Chenopodopollis sp. A, Caryapollenites simplex (hickory relative) 
and Tricolpites sp. A, have been recovered but they make up less than 1% of the terrestrial 
palynomorph assemblage.
Zone 2 (0.92 – 1.67m): Dinoflagellate abundances ranged from 675 to 10370 grains per gram 
of dried sediment within Zone 2. Pollen abundances ranged from 712 to 1523 grains per gram 
of dried sediment. Only within the basal section of Zone 2 are terrestrial palynomorphs more 
abundant than marine palynomorphs, otherwise the marine signal is dominant.
 Homotryblium floripes dominates the marine assemblage in Zone 2 with 70% of total 






































































































































































































































































































































































































































































































































































palynomorph assemblage.  A minor component (1-5%) includes Cordosphaeridium minimum, 
Systematophora placacantha, Operculodinium centrocarpum, Hystrichokolpoma sp. A, 
Achomosphaera sp. A, and Unidentified dinoflagellate 10.   Rare occurrence (1% or below) of 
Operculodinium divergens is noted.  
 Cupressacites hiatipites dominates the terrestrial assemblage in Zone 2 with 35% of total 
pollen and spore relative abundance, along with Poaceae that makes up 34% of the terrestrial 
palynomorph assemblage.  Unidentified pollen 1 is the only taxon between 10-15% of the 
assemblage.  Each of the following taxa; Tricolporopollenites spp. and Aff. Sarcococca wallichii 
comprises of between 5-10%.  A minor component (1-5%) includes Mompites sp. A and there is 
a rare occurrence (1% or below) of bisaccate pollen (gymnosperm pollen) and Cicatricsisporites 
sp. A.
Zone 3 (1.67 – 3.65m): Dinoflagellate abundances ranged from 1162 to 7265 grains per gram 
of dried sediment within Zone 3. Pollen abundances ranged from 720 to 7195 grains per gram 
of dried sediment. Only in sample 50 (sample depth 2.156m) are terrestrial palynomorphs more 
abundant than marine, otherwise marine palynomorphs are dominant.
Again, Homotryblium floripes dominates the marine assemblage in Zone 3 with 46% 
of total dinoflagellate relative abundance. High occurrences (15-20%) of Spiniferites spp. 
appear within this zone.  Minor component (1-5%) includes Operculodinium centrocarpum, 
Operculodinium divergens, Cordosphaeridium minimum, Heteraulacacysta pustulata, 
Chiropteridium sp. B and Glaphrocysta sp. A.  A rare occurrence (1% or below) of Enneadocysta 
arcuata, Dapsilidinium simplex, Lingulodinium machaerophorum, Charlesdowniea colethrypta, 
Charlesdowniea aspinatum, Achomospaera sp. A, Systematophora placacantha, and 
Corrudinium incompsitum is noted.  
Tricolporopollenites spp. and Poaceae are the most abundant pollen within this 
assemblage, comprising of 27% and 25% respectively. Cupressacites hiatipites comprises 
between 20% - 15% of total pollen. Each of the following taxa: Tricolpites sp. A, and bisaccate 
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pollen comprise between 10% and 5%. A minor component of the terrestrial assemblages 
(1 to 5%) is composed of Cicatricsisporites sp. A, Mompites sp. A, Ephedripites sp. A, and 
Unidentified pollen 1. Liliacidites yeguaensis, Chendopodopollis sp. A, Carayapollenites simplex 
and Unidentified pollen 3, have been recovered but they make up less than 1% of the terrestrial 
palynomorph assemblage.
Zone 4 (3.65 – 4.65m): Dinoflagellate abundances ranged from 1021 to 6415 grains per gram 
of dried sediment and pollen abundances ranged from 248 to 3907 grains per gram of dried 
sediments within Zone 4. Except for the lowermost sample in this zone, the abundance in marine 
palynomorphs is superior to that of terrestrial palynomorphs.
Nematosphaeropsis lemniscata, an important marker, first occurs at the lowest sample in 
Zone 4. Homotryblium floripes dominates the marine assemblage with 48% of total dinoflagellate 
relative abundance, along with Spiniferites spp. that makes up to 29% of the marine palynomorph 
assemblage.  They are associated with Deflandrea phosphoritica and that is present between 
5-10% of relative abundance.  A minor component (1-5%) includes Cleistophaeridium sp. A, 
Lingulodinium machaerophorum, Operculodinium centrocarpum, Heteraulacacysta pustulata 
and Charlesdowniea clathrata.  Cordosphaeridium minimum, Lejeuna communis, Enneadocysta 
arcuata, Unidentified dinoflagellate 1 and Unidentified dinoflagellate 4, are rare (1% or below).  
Tricolporopollenites spp. constitutes 34% of the terrestrial palynomorphs within Zone 
4.  Tricolpites sp. A and Cupressacites hiatipites make up 10 – 15% of the pollen assemblage.  
Each of the following taxa, Cicatricosisporites sp. A, Poaceae, bisaccate and Aff. Sarcococca 
wallichii, comprise between 5% and 10%.  The next component of the terrestrial assemblages 
(1 to 5%) is composed of Gothanipollis texanensis, Mompites sp. A , and Unidentified pollen 3.   
Caryapollenites simplex, Chenopodopollis sp. A, Liliacidites yeguaensis , Polyatriopollenites sp. 
A, Unidentified pollen 1, Alnus vera, Ephedrites  sp. A, Corsinipollenites sp. A, and Unidentified 
pollen 4, have been recovered but they make up less than 1% of the terrestrial palynomorph 
assemblage.
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2) Trends in Palynomorph Groups:
The species identified in this study also show some distinct trends when grouped by 
similar environmental affinity (Figure 14).  Versteeg (1994) outlines several equations to aid in 
the interpretation of palynomorphs grouped by affinity.  Those equations follow:  
S/D curve:  The S/D curve is used to depict the terrestrial and marine influence relative to each 
other.  Terrestrial influence is calculated by the following equation:
 S/D = S/(D + S),
where S represents the number of spores and pollen and D represents the number of 
dinoflagellate cysts and acritarchs. 
P/G curve:  Protoperidinioid (heterotrophic) dinoflagellates typically occur in areas where 
upwelling provides increased availability of nutrients (Wall, et al., 1977; Lewis et al., 1990; 
Powell et al., 1990).  As a result, the P/G curve is a good indicator of the area’s productivity, 
where
 P/G = P/(P + G),
and P represents the number protoperidinioid dinoflagellates and G represents the number 
gonyaulacoid dinoflagellates.  A list of protoperidinioid dinoflagellates compiled by Fensome et 
al. (1993) was used for this study.  Protoperininioid dinoflagellate genera from this study include: 
Deflandrea, Lejeuna and Charlesdowniea.  All other dinoflagellate genera from this study are 
gonyalacoid.  
IN/O curve:  The IN/O curve shows relative abundances of inner neritic taxon in relation to 
oceanic taxon, where
 IN/O = IN/(IN + O),
and IN represents the number inner neritic taxa and O represents the number oceanic taxa.  The 





Inner neritic taxa: 
Charlesdowniea spp. Islam, 1984 
Deflandrea spp. Kothe, 1990; Goodman, 1979 
Glaphrocysta spp.  Brinkhuis et al., 1994 
Homotryblium spp. Damassa et al., 1994 
Lingulodinium machaerophorum Reid, 1972 
 
Outer neritic taxa: 
Operculodinium spp. Damassa et al., 1994 
Systematophora spp. Damassa et al., 1994 
 
Oceanic taxa: 
Achomosphaera spp. Downie et al., 1971; Brinkhuis et al., 1992 
Charlesdowniea colethrypta spp. Goodman, 1979 
Chordosphaeridium spp. Köthe, 1990 
Impagidinium spp. Damassa et al., 1994 
Nematosphaeropsis spp. Damassa et al., 1994 
 
Table 2: Chart showing dinoflagellate ecology according to authors.
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Figure 14: Summary curves showing main trends in palynomorph groups
 against the oxygen isotope data from Miller et al. (2008) 
ON/O curve: The ON/O curve indicates outer neritic taxa in relation to oceanic taxa, where
 ON/O = ON/(ON + O),
and ON represents outer neritic taxa and O represents oceanic taxa.
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Plate 1. Light photomicrographs of key specimens of various dinoflagellate cyst species at SSQ. All images were taken in 60x. 1, 
Achomosphaera sp. A Evitt 1963 (0.92m); 2-3, Charlesdowniea clathrata Eisenack 1938b (0.44m); 4, Charlesdowniea cole-
thrypta Williams and Downie 1966b (2.29); 5, Chiropteridium aspinatum Gerlach 1961 (0.66m); 6, Cordosphaeridium minimum 
Morgenroth 1966a (0.44m); 7, Corrudinium incompsitum Drugg 1970b (2.07m); 8-9, Deflandrea phosphoritica Eisenack 1938b 










Plate 2. Light photomicrographs of key specimens of various dinoflagellate cyst species at SSQ. All images were taken in 60x. 
1, Glaphrocysta Sp. B (0.84m); 2, Heteraulacacysta pustulata Jan du Chêne and Adedirian 1985 (3.65m); 3-4, Homotryblium 
floripes Deflandre and Cookson 1955 (0.44m); 5, Hystrichokolpoma sp. A Klump 1953 (0.44m); 6, Impagydinium paradoxum 
Wall 1967 (4.65m); 7, Lejeuna communis Biffi and Grignani 1967 (0.97);  8, Lingulodinium machaerophorum Deflandre and 
Cookson 1955 (0.44m); 9, Nematosphaeropsis lemniscata Bujak 1984 (3.65m); 10-11, Operculodinium centrocaprum Deflandre 









Plate 3. Light photomicrographs of key specimens of various dinoflagellate cyst  and pollen species at SSQ. All images were 
taken in 60x. 1, Spiniferites spp. Mantell 1850 (3.65m); 2, Systematophora placacantha Klement 1960 (0.66m); 3, Alnus vera 
Martin and Rouse 1966 (4.05m); 4, Bisaccate pollen (0.44m); 5, Caryapollenites simplex Potonié 1931(0.92m); 6, Corsinipol-
lenites sp. A Nakoman 1965 (4.05m); 7-8, Chenopodopollis sp. A Krutzsch 1966 (0.66m);  9-10, Cicatricsisporites sp. A Potonié 









Plate 4. Light photomicrographs of key specimens of various pollen species at SSQ. All images were taken in 60x. 1, Gothani-
pollis texanensis Krutzsch 1959 (2.11m); 2-3, Liliacidites yeguaensis Couper 1953 (0.44m); 4, Mompites sp. A Wodehouse 1933 
(0.44m); 5, Polyatriopollenites sp. A Potonié 1931 (4.05m); 6, Retibrevitricolpites sp. A (0.92m); 7-8, Aff. Sarcococca wallichii 










Several environmental and depositional settings occur in the ~280,000 years of outcrop 
exposed at SSQ.  Changes in the pollen and dinoflagellate records are interpreted as showing 
a gradual cooling and shallowing up section.  This interpretation is corroborated by Miller et 
al.’s (2008) oxygen isotope results and benthic foraminiferal data. Species distribution and 
other interpretive tools from the constructed S/D, P/G, IN/O and ON/O curves provide the 
interpretation that is summarized below.
Zone 1 (0.0 – 0.92m):  The marine assemblage is dominated by Spiniferites spp. (34%), 
Homotryblium floripes (22%), Cordosphaeridium minimum and Systematophora placacantha 
(both between 5-10%). Homotryblium is generally interpreted as a warm, inner neritic taxon 
(Brinkhuis, 1994). At 22%, Zone 1 (Figure 13) contains the lowest abundance of Homotryblium 
throughout the section. C. minimum and S. placacantha are oceanic and outer neritic taxa 
respectively (Köthe, 1990; Damassa et al., 1994). Considering the low percentage of H. floripes, 
this zone is interpreted to have been depicted as the least proximal to shore of the section. This 
inference also agrees with the oxygen isotope levels and benthic foraminifera data from Miller et 
al. (2008).  
Terrestrial input from Zone 1 consists primarily of Cupressacites hiatipites, Poaceae, and 
Tricolporopollenites spp. (all between 15%-20%). This is a very diverse assemblage with many 
different environmental indicators. Cupressacites hiatipites is interpreted as a marsh taxon and is 
associated with warm, wet climates (Oboh et al., 1996). Poaceae is considered more of a prairie 
taxon, though it is also associated with moist climates (Rich, 1984), and Tricolporopollenites 
spp. is generally associated with ‘cooling climates’ (Elsik et al., 2000). Mompites sp. A is not 
as abundant (only ~9%), but is also an indicator of a marsh environment (Oboh et al., 1996). 
Considering that the majority of the palynomorphs recovered are warm, wet-indicative taxa, 
Zone 1 is interpreted as being the warmest, despite input of Tricolporopollenites spp.   
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Zone 2 (0.92 – 1.67m): Primary dinoflagellates of Zone 2 include Homotryblium floripes (70%) 
and Spiniferites spp. (8%).  An acme of H. floripes suggests an environment perfectly suited 
for that taxon, i.e., that the marine realm in Zone 2 was a warm, inner-neritic and hyper-saline 
environment (Damassa et al., 1994; Brinkhuis, 1994).  Indeed, an ideal environment to facilitate 
an acme of H. floripes would be much shallower than for Zone 1, correlating well to benthic 
foraminifera data (Miller et al., 2008).
 Terrestrial palynomorphs are Cupressacites hiatipites and Poaceae.  As stated for Zone 
1, C. hiatipites and Poaceae are warm, wet/moist taxa.  Aff. Sarcococca wallichii (abundance 
between 5%-10%) is a wet, cooler species (Sargent et al, 1985), transported from northern 
regions.  Tricolporopollenites spp. is far less abundant in Zone 2 (5%-10%) and at a section 
minimum.  Therefore this zone is also interpreted as being a warm, wet zone.  Based on the 
similarities in the pollen recovery, for zones 1 and 2, it appears that the climate is similar for both 
zones.  
Zone 3 (1.67 – 3.65m): Based on the rising concentration of marine palynomorphs through 
zones 2 and 3, we interpret these assemblages as part of a transgressive tract sequence.  This 
interpretation is consistent with previous studies (Baum and Vail, 1988; Loutit et al., 1988; 
Pasley and Hazel, 1995; Jaramillo and Oboh, 1999).  The marine abundance spikes in the S/D 
and concentration curve between zones 2 and 3 is explained as a result of the Homotryblium 
floripes acme, and is not interpreted as a maximum flooding surface.  
 We agree with previous studies (Jarmillo and Oboh, 1999; Pasley and Hazel, 1995) that, 
based on the marine concentration and the S/D curve at the top of Zone 3 (latest Eocene), there 
is a maximum flooding surface.  Here, the last high concentration of marine palynomorphs and 
an extremely low terrestrial input is evident. Directly following this, marine concentration drops 
sharply and an increase of terrestrial input occurs (discussed in zone 4).
Primary dinoflagellates in Zone 3 include Homotryblium floripes (46%) and Spiniferites 
spp. (15%-20%).  Because H. floripes is such a large percentage of the assemblage, marine 
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ecology does not appear to change much from Zone 2 to Zone 3.  
 In Zone 3, terrestrial palynomorph input consists primarily of Tricolporopollenites spp. 
(27%) and Poaceae (25%), while Cupressacites hiatipites abundances drop to between 15%-
20%.  Tricolporopollenites spp. is associated with dry, cooling climates (Elsik et al., 2000).  
Therefore, Zone 3 shows a significant shift as marsh taxa decline and prairie and mixed forest 
environments begin to dominate.  
Zone 4 (3.65 – 4.65m): The base of Zone 4 is followed by a palynological signal indicative 
of the lowest sea level visible at SSQ.  There is a major drop in marine palynomorph 
concentration between Zone 3 and Zone 4, at 3.65m, with concentrations dropping to only ~1500 
palynomorphs/gram, while pollen concentration increased.  This is well represented in the S/D 
curve (Figure 14).
Evidence from dinoflagellates suggests a shallowing, coinciding more closely with the 
oxygen isotope record of Miller et al., (2008).  Across the E-O boundary (Zone 3 to Zone 4), 
d18O continues to drop until reaching Oi1.  A distinct sub-assemblage emerged, indicative of 
a drop in salinity during this time.  The assemblage observed in Zone 4 indicates increased 
freshwater input from sources such as rivers. High salinity dinoflagellates such as Enneadocysta 
arcuata, Homotryblium floripes and Homotryblium plectilum decrease in abundance (Köthe, 
1990).  Conversely, some low-salinity and euryhaline dinoflagellates such as Deflandrea 
phosphoritica and Spiniferites spp., reach maximum abundances within this zone (Islam, 1984; 
Köthe, 1990; Marret & Zonnevelt, 2003).  Most importantly, the first appearance datum of 
Nematosphaeropsis lemniscata, a species that has been proposed as an E-O marker, is identified 
at 3.65 m depth in the SSQ section (Figure 13).  
In addition to the dominance in Homotryblium floripes (48%) and Spiniferites spp. (29%) 
in this Zone 4, Deflandrea phosphoritica abundance is higher.  Deflandrea is typically associated 
with estuarine, low salinity environments (Köthe, 1990; Islam, 1984).  Within this context, 
D. phosphoritica corroborates a shallow water depositional environment.  Additional to D. 
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Phosphoritica, the IN/O and ON/O curves show a distinct neritic trend.  
 Zone 4 has a very diverse terrestrial influence.  Tricolporopollenites spp. reaches a 
maximum abundance within this zone at 34%.  The increase in this dry, cool climate foliage, 
while marsh taxa such as Cupressacites hiatipites decline to under 25% abundance within this 
zone, clearly indicates that climate is cooling above the 3.65 m level, essentially coincident with 
the E-O level identified by Ellwood et al. (2010) for the SSQ section (Figure 7).  
2) E-O Boundary Placement: 
Key European E-O boundary markers are presented in Figure 6 include FADs 
of Areoligera? Semicirculata, Chiropteridium galea and Gerdiocysta conopeum and the 
LADs of Rhombodinium perforatum, Wetzeliella simplex, Operculodinium divergens and 
Heteraulacacysta porosa but these are not present at the SSQ site.  Hence, the boundary could 
not be placed based on any of these species.  While this study did observe occurrences of 
Heteraulacacysta porosa and Operculodinium divergens, the FADs and LADs of these species 
changed between settings.  It is clear from the data presented here that these markers from N.W. 
Europe could not be applied to the Gulf Coast.  
   Alternate palynomorph zonations used for this study are based on the zonations set forth 
by Damassa et al. (1994), and Lentin & Williams (1993).  These zonations (Figure 15) are based 
on data available on the distribution of palynomorphs worldwide and were recommended for 
worldwide age correlations by the aforementioned authors.  
  To complement the placement of the E-O boundary, as defined by the ICS, it is 
proposed to use the FAD of Nematosphaeropsis lemniscata, which is found at 3.65m at SSQ, to 
represent the E-O boundary level at SSQ.  This is supported by the LADs of Operculodinium 
divergens, Heteraulacacysta pustulata, and Corrudinium incompsitum and the marked decrease 
in dinoflagellate concentration that is observed at that level, indicating a marked decreased in 
relative sea level.  In addition, it is essentially equivalent to the LAD of Hantkeninidae identified 
at the SSQ by Febo et al. (2010) and Ellwood et al. (2010).
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Furthermore, because neither this study, nor previous palynological studies (e.g., 
Jaramillo & Oboh, 1999) of SSQ or the greater Gulf Coast region have shown occurrences of 
Aerosphaeridium diktyoplokus, we argue that this species can not be used as a marker for the E-O 
boundary as proposed by Van Mourik and Brinkhuis, (2005).   Nematosphaeropsis lemniscata 
occurs globally (Damassa et al., (1994) stratigraphic charts), correlates directly to the boundary, 
and is therefore a much better potential organic microfossil marker.  To confirm this proposal, 
high resolution studies of other Gulf of Mexico E-O sequences, need to be conducted to verify if 













































































































Figure 15: Palynostratigraphic zonation of the E-O boundary.
Conclusions
St. Stephens quarry (SSQ) is one of a few Gulf Coast outcrops containing the E-O 
boundary transition.  As a result, SSQ is a very popular place to research, but its complex 
stratigraphy has created much debate as to exact placement of the boundary.  
A stratigraphic revision and environmental study of the SSQ, Alabama, has been 
presented.  Palynomorph recovery has been abundant and well preserved.  Marine palynomorphs 
(the most abundant of which were Homotryblium floripes, Spiniferites spp., Charlesdowniea 
clathrata and Deflandrea phosphoritica) occurred in concentrations ranged from 314 to 10370 
grains/gram dried sediment.  Terrestrial palynomorph concentrations ranged from 200 to 7195 
grains/gram dried sediment.  The most abundant terrestrial forms were Cupressacites hiatipites, 
Poaceae, Tricolporopollenites spp. and Aff. Sarcococca wallichii.  
 Environmental analysis yielded interesting results across the boundary.  Based on the 
most abundant marine palynomorphs, sea surface conditions that show a marked lowering of 
sea level across the E-O transition.  Terrestrial palynomorphs show a cooling, drying trend up 
section.  
 Palynomorph biostratigraphy yielded excellent correlation to the E-O boundary.  
Nematosphaeropsis lemniscata, Operculodinium divergens, Heteraulacacysta pustulata 
and Corrudinium incompsitum all provided FADs or LADS to help place the boundary.  
Areosphaeridium diktyoplokum was not present in this or other Gulf Coast studies and therefore 
is not recommended as a replacement for Hantkenina to mark the E-O boundary.
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